INTRODUCTION
============

Anti-neutrophil cytoplasmic antibody (ANCA) associated vasculitis is a life-threatening disease characterized by inflammation and necrosis of small to medium-sized vessels ([@B1]). Renal vasculitis, also known as pauci-immune necrotizing crescentic glomerulonephritis is a severe form of ANCA associated vasculitis ([@B2][@B3][@B4]). ANCA has recently been proposed to be pathognomonic in ANCA associated vasculitis due to neutrophil, monocyte and endothelial cell activation, which leads to endothelial damage ([@B1]). However, patients with vasculitis are not always positive for ANCA. Approximately, 10% of ANCA associated vasculitis patients are ANCA-negative ([@B5][@B6][@B7][@B8][@B9][@B10][@B11][@B12]). To our knowledges, no study has focused specifically on the treatment of ANCA-negative patients ([@B5]). Moreover, few studies have directly compared long-term patient and renal outcomes between ANCA-negative and positive renal vasculitis patients ([@B6],[@B7],[@B9]). Hence, the long-term prognosis of ANCA-negative renal vasculitis remains unknown ([@B6],[@B7],[@B9]). Despite the paucity of evidence, current guidelines recommend that ANCA-negative receive treatments similar to those of ANCA-positive patients ([@B5]).

Therefore, the present study compared the long-term prognoses of ANCA-negative and positive renal vasculitis.

MATERIALS AND METHODS
=====================

Patients
--------

This retrospective cohort study included 48 patients diagnosed with renal vasculitis at Seoul National University Bundang Hospital, a tertiary care hospital, between April 2003 and December 2013. The requirement for informed consent was waived because the study did not infringe the patients\' privacy or health status. Demographic, physiologic, therapeutic and laboratory data were gathered from the electronic medical records database. Manual data verification was performed after patient datasets were merged. The long-term outcomes included end stage renal disease (ESRD) and all-cause mortality. ESRD development and all-cause mortality were determined from the ESRD registry database of the Korean Society of Nephrology and the Korea Statistics Service database, respectively.

Measurement and definitions
---------------------------

All 48 patients were tested for ANCA by indirect immunofluorescence (IIF) assay, but only 66.7% (32/48) were tested by enzyme-linked immunosorbent assay (ELISA) for myeloperoxidase (MPO) and/or proteinase 3 (PR3). ANCA testing was performed following the manufacturer's instructions by the immunology department of Green Cross Laboratories (Yongin-si, Korea). During the study period, the IIF test kit was changed from INOVA Lite ANCA (INOVA Diagnostics, San Diego, California, USA) to Kallestad ANCA IFA (Bio-Rad, Hercules, California, USA) in April 2010, and the results of the two kits were found to be comparable. Quanta Lite (INOVA Diagnostics) was used for the ELISA.

Renal vasculitis was defined as cases which fulfilled the following two criteria: 1) evidence of glomerular crescent and/or necrosis but no other explainable pathologic diagnosis, such as IgA nephropathy or lupus nephritis and 2) no evidence of immune-complex deposition in immunofluorescence staining and electron microscopic examination. Hypertension was defined as systolic blood pressure (BP) ≥ 140 mmHg or diastolic BP ≥ 90 mmHg, use of antihypertensive drugs, or a physician's diagnosis of hypertension. Diabetes was defined as random glucose ≥ 200 mg/dL, use of insulin and/or oral hypoglycemic agents, or a physician's diagnosis of diabetes. The disease extent index was scored as described previously ([@B13]). The physiologic and laboratory data used for analysis were the worst values observed at index admission. Severe proteinuria and hematuria were defined as ≥ 3 positive on the dipstick protein test and ≥ 100 red blood cells per high power field in urine sediment microscopic examination, respectively. The estimated glomerular filtration rate (eGFR) was calculated using the equation from the chronic kidney disease epidemiology collaboration ([@B14]).

For renal pathology, each glomerulus was evaluated for the presence of global sclerosis, segmental sclerosis, crescent, and necrosis. Glomerular lesions were reported as a proportion of the total number of glomeruli in each specimen. Glomerular ischemia was defined as the presence of ischemic wrinkling and/or collapse. Glomerular cellularity and size and tubule-interstitial lesions were assessed semi-quantitatively as normal to severe ([@B15]). Vascular abnormality was defined as the presence of arteriolar hyalinosis and arteriosclerosis.

Statistical analysis
--------------------

Values were expressed as median (interquartile range, IQR) for continuous variables and No./total (%) for categorical variables. Difference was analyzed by Mann-Whitney *U* test for continuous variables and Fisher's exact test for categorical variables. The Kaplan-Meier method was used to estimate survival, and statistical significance was determined using the log-rank test. Univariate and multivariate Cox-proportional hazard regression analyses were performed for the factors related to renal and patient survival. Variables associated with clinical outcomes or ANCA status were entered in the multivariate analysis, along with age and sex. *P* \< 0.05 was considered statistically significant. All analyses were performed using IBM SPSS for Windows, version 22 (IBM Corp., Armonk, NY, USA).

Ethics statement
----------------

This study was approved by the Seoul National University Bundang Hospital institutional review board (IRB number: B-1410/272-119). The requirement for informed consent was waived because the study did not infringe the patients' privacy or health status.

RESULTS
=======

Of 48 patients, the median (IQR) follow-up duration was 933.5 (257.5-2079.0) days. The median (IQR) age was 71.0 (61.5-78.8) years, and nearly half of the patients were male (26/48, 54.2%). During the follow-up period, 21 patients died from any cause (all-cause mortality 43.8%), and 20 progressed to ESRD (ESRD rate 41.7%). Among 48 patients with renal vasculitis, 6 (12.5%) were ANCA-negative and 42 (87.5%) were ANCA-positive.

We compared baseline characteristics according to ANCA status ([Table 1](#T1){ref-type="table"}). Unlike patients with ANCA, those without ANCA were predominantly male. Furthermore, ANCA-negative patients had a lower body temperatures and white blood cell counts than ANCA-positive patients. Although the serum creatinine level and eGFR were similar between ANCA-negative and positive patients, the rate of severe proteinuria was higher in ANCA-negative patients. We also compared pathologic findings depending on ANCA status, but there were no statistically significant differences between groups ([Table 2](#T2){ref-type="table"}). The treatment strategy did not differ between ANCA-negative and positive patients ([Table 3](#T3){ref-type="table"}).

###### Baseline characteristics according to anti-neutrophil cytoplasmic antibody status
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  Parameters                                     ANCA status           *P* value             
  ---------------------------------------------- --------------------- --------------------- -------
  Age (yr)                                       68.5 (56.7-76.4)      71.0 (62.1-78.9)      0.554
  Male sex                                       6/6 (100.0)           20/42 (47.6)          0.025
  Hypertension                                   6/6 (100.0)           37/42 (88.1)          1.000
  Diabetes                                       2/6 (33.3)            14/42 (33.3)          1.000
  Interval between symptom onset and diagnosis   135.0 (53.8-782.5)    90.5 (60.0-255.8)     0.473
  Disease extent index                           5.0 (3.5-5.5)         5.0 (3.0-6.3)         0.962
  Systolic BP (mmHg)                             175.5 (160.5-187.8)   172.0 (160.0-187.8)   0.755
  Diastolic BP (mmHg)                            91.0 (84.8-105.0)     88.5 (81.8-94.5)      0.341
  Body temperature (℃)                           37.5 (37.0-37.9)      38.3 (37.5-38.9)      0.041
  White blood cells (× 10^3^/µL)                 13.5 (10.3-16.1)      19.0 (14.1-25.3)      0.031
  Hemoglobin (g/dL)                              7.5 (6.1-8.7)         7.4 (6.9-8.1)         0.803
  Platelet (× 10^3^/µL)                          183.0 (101.5-289.8)   173.5 (105.5-229.8)   0.708
  Albumin (g/dL)                                 2.6 (2.1-2.8)         2.6 (2.2-2.9)         0.876
  Bilirubin (mg/dL)                              0.7 (0.4-1.6)         0.7 (0.5-1.0)         0.742
  Cholesterol (mg/dL)                            109.0 (85.5-133.0)    109.0 (84.0-132.3)    0.972
  Creatinine (mg/dL)                             4.3 (1.5-8.4)         1.9 (0.9-5.9)         0.374
  eGFR (mL/min/1.73 m^2^)                        21.2 (6.4-51.9)       35.7 (8.1-81.2)       0.575
  Peak Creatinine (mg/dL)                        6.5 (5.1-10.4)        5.1 (3.4-8.4)         0.185
  Lowest eGFR (mL/min/1.73 m^2^)                 8.0 (4.9-10.2)        9.2 (5.0-18.9)        0.493
  Severe proteinuria                             4/6 (66.7)            8/41 (19.5)           0.030
  Severe hematuria                               3/6 (50.0)            25/41 (61.0)          0.674
  C-reactive protein (mg/L)                      7.2 (2.9-10.9)        10.1 (2.3-16.4)       0.366

Values are expressed as median (interquartile range) for continuous variables and No./total (%) for categorical variables. Difference was analyzed by Mann-Whitney U test for continuous variables and Fisher's exact test for categorical variables. Severe proteinuria and hematuria were defined as dipstick urine protein ≥ 3+ and urine red cells ≥ 100/high power field, respectively. ANCA, anti-neutrophil cytoplasmic antibody; BP, blood pressure; AKI, acute kidney injury; eGFR, estimated glomerular filtration rate.

###### Pathologic finding according to anti-neutrophil cytoplasmic antibody status
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  Findings                     ANCA status        *P* value          
  ---------------------------- ------------------ ------------------ -------
  Number of glomeruli/biopsy   32.0 (19.0-47.0)   28.0 (14.5-49.3)   0.827
  Global sclerosis (%)         9.8 (4.2-17.4)     13.9 (7.1-45.4)    0.242
  Segmental sclerosis (%)      0.0 (0.0-13.8)     0.0 (0.0-0.4)      0.512
  Crescent (%)                 52.6 (23.2-88.4)   27.9 (15.0-60.1)   0.156
  Necrosis (%)                 0.0 (0.0-12.5)     0.0 (0.0-15.1)     0.271
  Other glomerular finding                                           
   Increased cellularity       3/6 (50.0)         12/42 (28.6)       0.360
   Increased size              2/6 (33.3)         9/42 (21.4)        0.609
   Ischemia                    0/6 (0.0)          4/48 (9.5)         1.000
  Tubular atrophy                                                    0.671
   Normal                      0/6 (0.0)          5/42 (14.0)        1.000
   Mild                        1/6 (16.7)         9/42 (21.4)        1.000
   Moderate                    2/6 (33.3)         7/42 (16.7)        0.312
   Severe                      3/6 (50.0)         21/42 (50.0)       1.000
  Interstitial inflammation                                          0.812
   Normal                      0/5 (0.0)          0/42 (0.0)         
   Mild                        1/5 (20.0)         5/42 (11.9)        0.511
   Moderate                    1/5 (20.0)         13/42 (31.0)       1.000
   Severe                      3/5 (60.0)         24/42 (57.1)       1.000
  Interstitial fibrosis                                              0.663
   Normal                      0/5 (0.0)          10/42 (23.8)       0.569
   Mild                        1/5 (20.0)         8/42 (19.0)        1.000
   Moderate                    1/5 (20.0)         6/42 (14.3)        0.571
   Severe                      3/5 (60.0)         18/42 (42.9)       0.644
  Vascular abnormality         3/6 (50.0)         34/42 (81.0)       0.124

Values are median (interquartile range) for continuous variables and No./total (%) for categorical variables. Difference was analyzed by Mann-Whitney U test for continuous variables and Fisher's exact test for categorical variables. ANCA, anti-neutrophil cytoplasmic antibody.

###### Therapeutic and clinical courses according to anti-neutrophil cytoplasmic antibody status
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  Status                             ANCA status          *P* value            
  ---------------------------------- -------------------- -------------------- -------
  Plasmapheresis                     0/6 (0.0)            8/42 (19.0)          0.571
  Steroid use                        6/6 (100.0)          39/42 (92.9)         1.000
  Steroid dose (g)                   6.7 (3.4-13.8)       7.7 (3.1-10.9)       0.803
  Steroid duration (days)            119.0 (50.3-866.8)   185.5 (56.0-572.3)   0.803
  Cyclophosphamide use               6/6 (100.0)          32/42 (76.2)         0.320
   Oral cyclophosphamide use         4/6 (66.7)           29/42 (69.0)         1.000
  Cyclophosphamide dose (g)          1.1 (0.9-3.3)        1.2 (0.1-6.6)        0.851
  Cyclophosphamide duration (days)   23.5 (7.8-56.5)      30.0 (0.8-146.0)     0.802
  ESRD                               4/6 (66.7)           16/42 (38.1)         0.218
  ESRD within 3 mon                  4/6 (66.7)           9/42 (21.4)          0.038
  All-cause mortality                2/4 (33.3)           19/42 (45.2)         0.683

Values were median (interquartile range) for continuous variables and No./total (%) for categorical variables. The difference was analyzed by Mann-Whitney U test in continuous variables and Fisher's exact test in categorical variables. ANCA, anti-neutrophil cytoplasmic antibody; ESRD, end stage renal disease.

ANCA-negative patients had a higher rate of ESRD within 3 months than did ANCA-positive patients ([Table 3](#T3){ref-type="table"}). In Kaplan-Meier survival curves, the renal survival of ANCA-negative patients was significantly shorter than that of ANCA-positive patients: median (95% confidence interval \[CI\]) 15.0 (0.0-63.0) days vs. 2,941.0 (90.9-5,791.1) days (log-rank *P* = 0.033, [Fig. 1A](#F1){ref-type="fig"}). In univariate Cox proportional hazard regression analysis, ANCA-negative patients showed significantly higher risk of ESRD than did ANCA-positive patients with a hazard ratio of 3.190 (95% CI, 1.028-9.895, *P* = 0.045). We performed multivariate analysis to adjust for confounding effects among the variables. Adjusting only for age did not affect the significance of ANCA status on renal survival. However, after adjusting for sex and severe proteinuria, the association between ANCA status and renal survival was not statistically significant ([Table 4](#T4){ref-type="table"}). Patient survival did not differ between groups ([Table 3](#T3){ref-type="table"}, [Fig. 1B](#F1){ref-type="fig"}).

![Kaplan-Meier survival curves according to anti-neutrophil cytoplasmic antibody anti-neutrophil cytoplasmic antibody (ANCA) status. Renal and patient survival are shown in (**A**) and (**B**), respectively. The gray and black lines represent ANCA-negative and positive groups, respectively.](jkms-31-542-g001){#F1}

###### Factors associated with renal survival in Cox-proportional hazard model
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  Factors               Univariate            Multivariate^\*^   Multivariate^†^       Multivariate^‡^                                                       
  --------------------- --------------------- ------------------ --------------------- ----------------- --------------------- ------- --------------------- ----------
  ANCA (- vs. + )       3.190 (1.028-9.895)   0.045              3.200 (1.030-9.938)   0.044             1.923 (0.492-7.522)   0.347   1.568 (0.347-7.081)   0.559
  Age (yr)^§^           1.004 (0.966-1.044)   0.826              1.005 (0.966-1.046)   0.805             1.018 (0.976-1.063)   0.403   1.057 (0.995-1.122)   0.070
  Sex (M vs. F)         1.317 (0.536-3.235)   0.549              \-                    \-                1.121 (0.406-3.098)   0.825   0.809 (0.228-2.872)   0.743
  Severe PU (+ vs. -)   2.859 (1.145-7.138)   0.024              \-                    \-                2.833 (0.989-8.118)   0.053   3.314 (1.109-9.903)   0.032
  Cr (mg/dL)^§^         1.213 (1.090-1.349)   \< 0.001           \-                    \-                \-                    \-      1.328 (1.133-1.556)   \< 0.001
  WBC (10^3^/µL)^§^     0.978 (0.922-1.037)   0.460              \-                    \-                \-                    \-      1.015 (0.932-1.105)   0.732
  BT (℃)^§^             0.894 (0.507-1.577)   0.700              \-                    \-                \-                    \-      0.524 (0.165-1.669)   0.274

^\*^Adjusted for age; ^†^Adjusted for age, sex and severe PU; ^‡^Variables associated with either renal survival or ANCA status were included for the full adjustment; ^§^Per 1 unit increase. BT, body temperature; Cr, creatinine; PU, proteinuria; WBC, white blood cells; ANCA, anti-neutrophil cytoplasmic antibody; HR, hazard ratio; CI, confidence interval.

DISCUSSION
==========

Although ANCA is thought to play a pathogenic role in vasculitis ([@B1]), it is not always positive. According to Kidney Disease: Improving Global Outcome guideline, 10% of patients with signs and symptoms of vasculitis are persistently ANCA-negative; these patients are treated similarly to ANCA-positive patients ([@B5]). To our knowledge, only three studies have directly compared the long-term prognosis of ANCA-negative and positive renal vasculitis ([@B6],[@B7],[@B9]); however, their findings were not consistent. Weidner et al. ([@B9]) analyzed 80 patients with vasculitis, and showed excellent long-term outcome in ANCA negative patients: patients for an average of 46.7 months; in this population, no death or ESRD developed in 6 ANCA-negative patients, but 17 deaths and 18 cases of ESRD were identified in 74 ANCA-positive patients. In contrast, Chen et al. ([@B6]) reported poor renal, but similar patient survival in 28 ANCA-negative vasculitis patients, compared to 57 ANCA-positive vasculitis patients. Meanwhile, Hung et al. ([@B7]) reported similar renal and patient survival between 15 ANCA-negative and 25 ANCA-positive patients. In our study, we found similar patient survival between ANCA-negative and positive renal vasculitis patients after 933.5 days' follow-up, concordant with previous studies ([@B6],[@B7]). However, the seemingly poor renal survival in ANCA-negative renal vasculitis patients could be a result confounded by various factors.

According to our study results, ANCA-negative renal vasculitis patients showed shorter renal survival than ANCA-positive renal vasculitis patients. The rate of ESRD within 3 months was significantly higher in ANCA-negative renal vasculitis patients than in ANCA-positive renal vasculitis patients. The hazard of ESRD in ANCA-negative patients was 3.190 times higher than that in ANCA-positive patients. These findings are concordant with those of Chen et al. ([@B6]). However, the poor renal outcome in ANCA-negative renal vasculitis patients might result from the confounding effects of sex and proteinuria. In our study, the ANCA-negative patients were predominantly male and had higher rates of severe proteinuria, both of which are known risk factors for the progression of kidney disease ([@B16],[@B17]). The fact that the significance of ANCA status on renal survival was not statistically significant after adjusting for sex and proteinuria supports our assumption. The similar clinical presentation and pathologic results between ANCA-negative and positive renal vasculitis patients in our study, which are different from previous studies ([@B6],[@B7]), also strengthened the suspicion that the seemingly poor renal outcome in ANCA-negative patients is not real.

This study has several limitations. First, because the incidence of vasculitis is low ([@B18],[@B19]), the number of study patients was small. Because of the small sample size, the differences in clinical presentation and pathologic results between ANCA-negative and positive patients could be under-represented for statistical significance. However, despite this weakness, renal survival between ANCA-negative and positive patients was significantly different. Moreover, the similarity of clinical and pathologic findings between ANCA-negative and positive patients was paralleled by similar patient and renal survival. Therefore, the problem of small sample size could be acceptable in this respect. Second, because of the retrospective study design, data such as crescent characteristics or the relapse pattern were unavailable. Third, the ELISA findings to confirm ANCA and classify whether the ANCA is for MPO or PR3 were not always available. In addition, complete ANCA data during the follow-up period was not available. Finally, the study patients were from a single center and single nation, which limits the generalizability of the findings.

In conclusion, long-term patient and renal survival of ANCA-negative renal vasculitis patients was not good or bad, compared to that of ANCA positive renal vasculitis patients. The results of our study support current treatment recommendations for ANCA-negative vasculitis patients. However, future large studies are necessary to confirm our results.
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